The feral horses of Sable Island are a geographically isolated population located ~160 km off the east coast of Nova Scotia, Canada. Because these horses have no contact with domestic animals, minimal contact with people and have never received antimicrobials, they offer a unique opportunity to study the dissemination of antimicrobial resistance in unmanaged populations. As part of an ongoing multi-disciplinary and individual-based monitoring program, we collected feces from 508 geolocalized horses (92 % of the total population) between July and September 2014. We selectively cultured Escherichia coli on MacConkey and CHROMagar ESBL.
The dissemination of antimicrobial resistance is a complex process involving humans, domestic animals and wildlife. Escherichia coli is a common target in resistance surveillance studies due to its role as an indicator of resistance in Gram negative bacterial populations (OIE 2003) . The emergence of antimicrobial resistance among Gram negative bacteria such as E. coli is recognized as a serious threat to the future of antimicrobial chemotherapy (WHO 2014) . Among
Gram negative bacteria hydrolytic enzymes called β-lactamases are the most common mechanism of resistance to the β-lactams; a large family of antimicrobials including the penicillins, cephalosporins and carbapenems (Rubin and Pitout 2014) . The global emergence of resistance to the 3 rd generation cephalosporins, conferred by broad spectrum enzymes (the extended-spectrum β-lactamases (ESBL), and AmpC type β-lactamases) are particularly concerning because these drugs are critically important for treating a wide variety of infections in humans and animals (Nordmann et al. 2012; Pitout 2010) .
Wildlife populations are ostensibly a reservoir of antimicrobial resistant organisms capable of maintaining, spreading and reintroducing resistant strains into human and domestic animal populations, although this remains largely unstudied (Greig et al. 2015) . Studies examining drug resistance in bacteria from wildlife have identified wild birds as playing a role in the transmission of E. coli (for a review see (Guenther et al. 2011) Bonnedahl et al. 2015; Parker et al. 2016) . At present it is unknown whether these broad spectrum β-lactamases or other antimicrobial resistant organisms have infiltrated remote wildlife populations in Canada.
The feral horses of Sable Island National Park Reserve, Nova Scotia, comprise a unique, geographically isolated population that provides an opportunity to examine baseline levels of drug resistance. These feral horses inhabit an island located 160 km off the east coast of the province and have a long history of isolation (Christie 1980; Welsh 1975 Fecal samples from 508 of 552 (92%) Sable Island horses alive in summer, 2014, were collected from July 22-September 7, as part of a multidisciplinary study examining the gastro-intestinal microbiota of the population. Freshly passed feces was collected from the ground after each horse was witnessed voiding, and were stored individually in a knotted nitrile glove for a maximum period of 7 hours before processing for freezing. Approximately 1 ml of each fecal sample was transferred into a 2 ml cryovial and then snap frozen in liquid nitrogen and maintained at -196°C until received at the University of Saskatchewan, where they were immediately transferred to -80°C for storage. The site where each sample was collected was mapped using GPS coordinates at the time of collection. Horses were broadly distributed across the island (Figure 1 ).
Upon return from the field and prior to processing, samples were thawed in small batches at room temperature for 20 minutes. We added approximately 1 ml of sterile saline to each thawed sample which was then vortexed for 20-30 seconds. A 10 µl aliquot of the fecal suspension was plated onto on MacConkey (Becton, Dickinson and Company, Sparks, MD, United States) and CHROMagar ESBL (CHROMagar, Paris, France) agars using a calibrated loop for the selective culture of E. coli. We incubated media overnight at 35°C, and identified isolates biochemically using the citrate, urea and indole tests (Winn et al. 2006 (CLSI 2012 (CLSI , 2014 (CLSI , 2015 . Isolates resistant to 3rd generation cephalosporins (ceftriaxone or ceftiofur) were screened for CTX-M type β-lactamases using previously published primers (Pitout et al. 2004) . To identify the allele of any loci amplified, we sequenced PCR products. We used broth mating conjugation assays to assess the transferability of resistance in ESBL producing strains using the sodium azide resistant E. coli strain J53 as a plasmid recipient, and cefotaxime to select for ESBL harbouring transconjugants (Peirano et al.
2014).
Of the 508 horses sampled, 251 E. coli isolates were recovered from 146 horses (28.7%), including 27 (18.5%) carrying phenotypically atypical (urease positive) isolates. No E. coli were recovered from CHROMagar ESBL. This low recovery rate was unexpected as E. coli is a ubiquitous colonizer of the mammalian gut; in one study of equine feces E. coli was isolated from 98% of samples (Moriarty et al. 2015) . This low recovery rate may be attributable to diet of D r a f t these animals, differences in forage quality and the large volume of ingested sand may have altered the gut environment compared with domestic horses, resulting in differences in microbial communities (Willing et al. 2009 ). There is a distinct gradient in habitat quality, particularly in access to high quality forage, on Sable Island (Contasti et al. 2012) , but E. coli was isolated from samples distributed across the island (Figure 2 ) in a similar pattern to the distribution of the horse population ( Figure 1) . Thus, at least on a broad scale, the pattern of E. coli distribution amongst the Sable Island horses does not appear to be linked to habitat or forage quality. Alternatively, the possibility of sample handling and storage conditions affecting the viability of E. coli cannot be ruled out. Although one investigation found that the recovery rate of E. coli from horse feces following storage at -80⁰C with glycerol was actually significantly higher than from fresh samples, no cryoprotectant was added to the feces tested in our study (Masters et al. 2015) .
The majority of E. coli isolates 244 (97%) from 139 (95%) horses, were susceptible to all antimicrobials tested (Table 1) . Seven horses carried E. coli resistant to at least one antimicrobial; tetracycline resistance was most commonly identified including 4 isolates (1.6%) from 4 horses (2.7%) ( Table 2) . A single isolate resistant to ceftiofur and ceftriaxone was identified, and found to harbour the CTX-M-1 gene. By broth conjugation, we were able to demonstrate transmission of the phenotype and gene to the plasmid recipient strain E. coli J53.
This finding is consistent with the hypotheses that the presence of resistance in wildlife is primarily a result of contact with humans influenced environments (Bonnedahl et al. 2008; Parker et al. 2016 ).
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